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Abstract. Breast cancer treatment may cause unfavourable side effects
that directly or indirectly influence the cardio-respiratory capacity among
breast cancer survivors, thus affecting physical functioning and the quality
of life. Mounting evidence supports that Maximal oxygen uptake (VO2max)
is a strong predictor of all-cause mortality and cardiovascular disease,
and low VO2max is associated with increased mortality from breast cancer.
The aim of the study was to measure cardio-respiratory fitness in breast
cancer survivors and determine to what extent VO2max levels are lower
compared with healthy counterparts from population. The study included 11
women with a history of breast cancer, the average time after breast surgery
being 2–3 years. Aerobic capacity was determined by the Cardiopulmonary
exercise test. HUNT3 study was used to define aerobic capacity for
healthy women in population. Mean Age for participatns 50 ± 4 years
(M ± SD). The comparison of the results from Cardiopulmonary exercise
test indicated that breast cancer survivors display VO2max values significantly
lower 27.1 ml/kg/min (27%) than healthy counterparts from population,
i.e., 34.4 ml/kg/min (P = 0.001). Recognizing the increasing number of
breast cancer patients worldwide and the physical reconditioning among
the survivors, aerobic exercise training is suitable for improving cardio-
respiratory health, functionality, and quality of life.
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1 Introduction
Breast cancer (BC) is the most common type of cancer among women. In 2012, about
1.7 million new cases were diagnosed worldwide, thus representing 25.2% in morbidity rates
and 14% in mortality rates from the overall cases of oncologic diseases among women [1].
Every year more than 1000 new cases of BC are diagnosed in Latvia. At the end of year
2016, more than 12,000 BC patients had been registered. After the diagnosis, about 89%
of the patients live more than 5 years [2]. The current methods for treatment of oncologic
diseases imply long combined local and/or systematic therapy. It initiates various acute and
toxic manifestations leading towards increased risk of mortality and chronic diseases not
primarily associated with the diagnosis of cancer. The decrease in the values of mortality and
quality of life are mainly associated with cardiovascular and cardiopulmonary diseases [3]
having huge effect on the overall participation in daily activities and increased rates
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of disability [4]. Aerobic capacity is the most objective indicator of the functional condition of
the cardiovascular and respiratory systems. Aerobic capacity characterizes the possibilities of
using oxygen transport in skeletal muscles. Reduced aerobic capacity rates can be explained
by several variables, e.g., pulmonary, cardiovascular and peripheral. Aerobic capacity is
determined by the results from the maximum or sub-maximal exercise test performed under
laboratory conditions with appropriate equipment [5].
Long-term complications after cancer treatment are associated to the dysfunction of
specific organ systems, resulting in various chronic diseases, functional restrictions (for
instance, lymphodema), specific pain syndromes, neuropathy, secondary malignant tumours
and aesthetic defects. All of the mentioned side effects are mostly typical to patients younger
than 60 years and those having suffered from chronic diseases (diabetes, hypertension, etc.),
or patients being exposed to infectious diseases or recent surgical interventions [4]. BC
patients are exposed to nearly three times higher risk of developing one of the cardiovascular
diseases in comparison to healthy counterparts [6]. In most of the postmenopausal BC
patients, at least one of the risk factors for cardiovascular disease is identified already
at the time of cancer diagnosis [7]. The cardio-toxic side effect derived from adjuvant
therapy has the potential of significantly increasing mortality rates among BC patients
diagnosed with cardiovascular diseases. Anthracycline medicine causes immediate damage
of myocardial cells while clinically relevant changes can be noticed only after several
months or years. Acute cardio-toxicity during treatment period is very rare, while sub-
acute or chronic myocardial damage (within a year after treatment) is noticed in about
23% of cases. Similar side effects are caused also by hormone therapy, which increases
triglyceride levels, thus leading towards increased risk of atherosclerosis [8]. Radiation
therapy can cause local damage of myocardial walls, resulting in decrease in myocardial
perfusion [9].
The cardiovascular system is especially sensitive to the reduction in physical activities,
thus even periods of short-term physical inactivity or bed rest causes significant decrease
in aerobic capacity for both physically active and inactive population [10]. The decrease
in physical activities among BC patients is observed at the beginning of chemotherapy. The
entire treatment process lasts for 9 months or longer; in this period physical activity is reduced
to minimum or excluded completely. After 4 weeks of chemotherapy, VO2max decreases
for about 3–8% [11]. The studies show that VO2max reaches 25 ml/kg/min in average prior
to adjuvant therapy. That is by 17% lower than among healthy, yet physically inactive
women. However, the maximum oxygen consumption after the adjuvant treatment is about
22.2 ml/kg/min, 25% lower than in healthy women of the same age [9]. To be of complete
functional independence, the minimum VO2max value has to be at least 15.4 ml/kg/min. It is
surprising that 30% of the patients are below this value, which indicates huge effort needed to
perform daily activities. As a result, higher energy is needed and the sense of fatigue becomes
present, which is very typical for BC patients undergoing treatment [12]. Decrease in the
value of VO2max for BC patients is present even for approximately 7 years after treatment [9].
Thus, the aim of the study is to measure aerobic capacity for breast cancer patients having
undergone breast surgery 2–3 years ago, and compare these results with the literature data
about healthy and physically inactive women of the same age.
2 Methods
2.1 Participants
The selection of the subjects was based on the following inclusion/exclusion criteria.
Inclusion criteria were: breast cancer stages I–III, breast surgery done 2–3 years ago,
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40 to 55 years old, body mass index ranging from 22 to 28, not using beta blockers,
were undergoing chemotherapy, radiotherapy and hormone therapy, at least a year has
passed since the last chemotherapy, not engaged in regular, targeted physical activities
on a daily basis. Exclusion criteria were: breast cancer recurrence 2–3 years after the
surgery, Chronic Obstructive Pulmonary Disease (COPD), bronchial asthma, hypertension,
arrhythmia, heart failure, ischemic heart disease or orthopaedic disease. The study was
conducted in Riga Stradiņš University, Faculty of Rehabilitation, in corporation with research
laboratory of Rehabilitation. The data was collected between January 9th and February
10th, 2018. The selection of research subjects was performed in corporation with cancer
patient support society “Dzı̄vı̄bas koks” (“Life Tree”). Each participant received a letter
with information about the study beforehand. Informed consent was obtained from all the
participants. Before engaging in the study, the subjects were reached by phone, to explain
testing details. When arriving to the assessment procedure, the subjects had to take with
them comfortable clothing and footwear, as well as the statement from the medical treatment
institution confirming information on the surgery and treatment received. The study was
conducted in accordance with the ethical standards – the study was authorised by the
Ethics Committee of Riga Stradiņš University and followed the principles set in Declaration
of Helsinki.
To evaluate aerobic capacity, incremental treadmill test was applied to measure
VO2max [13]. The test was performed by the use of treadmill Mercury (h/p/cosmos, Nussdorf-
Traunstein, Germany), heart rate monitor Polar (F7, Finland) and spiroergometer Cortex
MetaMax 3B (Cortex Biophysik, Leipzig, Germany). On the day of the test, the spiroergometer
was calibrated according to the manufacturer’s instructions. A short history of diseases
and the body weight of each participant were collected prior to the beginning of the
testing. The participants were introduced with the study procedure. They were engaging
in a 5-minute long warm-up session on a treadmill at a self-selected speed. A modified
Balke protocol was used for measuring VO2max [14]. The maximum expected heart rate
was calculated on the basis of formula 220-age (in years) [15]. The heart rate was monitored
at the beginning of the test and during the last 30 seconds of it. Afterwards, incremental test
on a treadmill was performed, starting with constant speed of 4.8 km/h and an incline of 0%.
The intensity was gradually increased by lifting the treadmill slope by 2% every minute
until 20% level is reached. The test was interrupted under the following conditions: 90% of
the maximum heart rate is reached; VO2max stops increasing (reaching plateau); limiting
symptoms emerged and the participant demanded the test to be interrupted or failed to
respond to repeated incentive to continue. The test was performed once for each participant
and the whole testing procedure was supervised by the laboratory personnel.
The data on VO2max value in healthy, physically inactive women was obtained from
HUNT3 study – the most prominent collection of data on the results from maximum load
test among the population of Europe. Totally 428 women at the age between 50 to 59 years
were evaluated. The mean VO2max for this group is 34.4 ± 5.7 ml/kg/min [16].
2.2 Statistics
The statistical processing of data was performed by computer programme IBM SPSS.
GraphPad Prism was applied for creating graphics. The method of descriptive statistics was
used for group characteristics (all values being expressed as mean ± standard deviation). One
sample T test was applied for comparing VO2max value for the group with the mean value for
the population of the same age and gender as described in the literary sources. The result was
considered statistically significant if P < 0.05.
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Table 1. Participant characteristics. Breast cancer stage: number of patients with diagnosis. Therapy
received: number of patients having received specific treatment.
(N =11)
Age 50 ± 4
Weight, kg 75 ± 17
Height, cm 168 ± 6
Body mass index 26 ± 5








Data are presented as mean ± SD.
Table 2. Physiological parameters after VO2max test.
(n =11)
VO2max (mL · kg−1 · min−1) 27 ± 4
VO2max (L · min−1) 1.9 ± 0.2
VE (L · min−1) 59 ± 14
HRmax 167 ± 7
Data is presented as mean ±SD. VO2max: maximal oxygen uptake;
VE: ventilation; RER: respiratory exchange ratio; HRmax: maximal heart rate.
3 Results
Basing on the letters sent, 21 participants applied for the study. According to the
inclusion/exclusion criteria, 11 women were eligible. Patient’s characteristics are presented
in (Table 1). The rest of the women were not included in the study due to their age or too high
body mass index.
Maximal oxygen uptake. The literary sources describing data on Cardiopulmonary
exercise test among the population of Europe claim the maximal oxygen uptake for healthy
women at the age of 50 years to be 34.4 ml/kg/min [16]. The incremental treadmill test,
performed on the research subjects (n = 11) resulted in the mean VO2max27.1 ml/kg/min
(Table 2). As a result, the difference 7.3 ml/kg/min between the average value in patients and
value existing in society is assumed to be statistically significant (P = 0.001) and (95% TI
is from −10 to −5); thus, Cohen’s d value shows extra-large difference (d = 1.7) (Fig. 1).
The results obtained are by 27% lower in comparison to the data on healthy peers from the
population.
4 Discussion
The main finding of the present study was that aerobic capacity of BC patients is by
27% lower than that of their counterparts (healthy, physically inactive women of the same
age). Several studies investigating the aerobic capacity of 50-year old BC patients have
demonstrated decrease in maximum oxygen consumption by approximately 22–30% after
the treatment [17]. The data indicate the negative influence (which can persist even several
years afterwards) of the treatment side effects on the body’s aerobic capacity in a long run.
Reduced aerobic capacity can remain present even up to 7 years after diagnosis [9].
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Figure 1. Maximal oxygen uptake for breast cancer patients compared with heathy counterparts from
population. Data is presented as mean ±SD, *P = 0.001.
VO2max indicators depend on BC stage and the treatment received. Aerobic capacity will
be higher for patients in the stage I or II, while the capacity will be lower in stage III or IV
of the cancer. A study conducted by Jones et al. (2012) investigated BC patients, who had
undergone the last chemotherapy from 6 months to 3 years ago. The average VO2max was
18.4 ml/kg/min, while the average VO2max in forth (metastatic) stage was 16.3 ml/min/kg. It
is by 33% lower than for healthy and physically inactive women of the same age [12].
Nine of the 11 participants in the present study have been diagnosed with BC at the stage
I or stage II. In general, the results obtained are higher in comparison to other researches
devoted to aerobic capacity. However, the results greatly depend also on the testing methods
of aerobic capacity. Cardiopulmonary exercise testing (CPET) mostly is applied in 2 ways,
either using treadmill or veloergometer. One of the techniques is by gradually increasing
the load on a veloergometer or treadmill. According to the data of various studies, VO2max
rates on a treadmill for BC patients are slightly higher than on a veloenergometer. This
phenomenon could be explained by the fact that bigger number of muscle groups is involved
in walking activity. It leads towards higher blood supply to the congested muscles and need
for more oxygen. Even though the Cardiopulmonary exercise test demands great physical
effort, it is relatively safe for BC survivors when accompanied by appropriate screening
techniques [17].
Reduced VO2max rates are explained by multi-factor reasons, including several organ
systems engaged in oxygen transport. The limitations of cardiovascular system are the
ones described most prominently in the study literature devoted to BC patients. These
limitations are mostly associated with the chemotherapy medicine applied during the
treatment procedure and the cardio-toxic effect caused by this medicine in a long run. Also,
medical exposure causes local damage of myocardial walls [9]. As 10 out of 11 participants
had been exposed to chemotherapy, local radiation or hormone therapy, and none of the
participants had been suffering from cardiopulmonary diseases, it can be concluded that the
effect of the treatment has influenced the results of VO2max obtained during the study. 9 of
11 participants acknowledged the failure of respiratory system being the limiting factor of the
incremental test. The data indicate the main limiting factors of the aerobic capacity, including
cardiovascular, respiratory and circulatory systems. Since gas diffusion in the lungs is hardly
a limiting factor, it can be assumed that aerobic capacity is mostly affected by the volume
of cardiac output and myocardial contractility. The medicine used during the therapy does
not affect the functions of the skeletal muscles, yet they can be influenced by low physical
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activities. As a result, the muscle mass decreases while the mass of fat increases. It leads
towards diminished maximum muscle strength significantly limiting the aerobic capacity [2].
The mean body mass index for the study group was 26 kg/m2. It suggests that BC
patients are slightly overweight. Gain in weight during therapy and after it, body mass index
being above 25 kg/m2, is associated with increased mortality risk [18]. Women with extra
weight (BMI <25 kg/m2) are at twice the risk of BC recurrence than those within the normal
BMI [19].
Recently, the interest in physical activities for BC rehabilitation is increasing. The data
available support the effectiveness of aerobic training for improving the physical condition
of BC patients during and after the therapy. The studies suggest that the lowest physical
activity among BC patients is just after finishing therapy. However, the situation stabilises
after several weeks, but due to various treatment side effects and other diseases such condition
can persist for a longer period. For instance, the mean VO2max rate just after the adjuvant
therapy is from 18.4 to 20.6 ± 6.7 ml/min/kg [2]. When experiencing severe decrease in
aerobic capacity, patients find it difficult to engage in daily activities – maximum effort is
required for going upstairs or working in a garden. Thus, moderate physical activities are
crucial for BC patients in order to feel good, diminish the presence of the side effects of
chemotherapy and limit the risk of additional diseases even before starting the therapy.
Physical activities can help in controlling body weight. It has been proved that gradual
overweight reduction can contribute to better control of hypertension, hyper insularity,
dyslipidaemia and pain in cancer patients [4]. Clinically relevant physical activities are those
occurring after the diagnosis of BC [20]. In a study conducted by Coumeya and colleagues,
VO2max for BC patients increased by 14.5% after 17 weeks of aerobic training with a load
intensity from 70% to 75% of the maximum heart rate. Also, after several weeks of training,
the participants acknowledged such symptoms as fatigue, nausea and sleeping disorder
having diminished [21]. According to a 24-week study performed by Scott et al. (2016)
maximum oxygen uptake in BC patients increased by 32% due to aerobic training [22]. These
studies verify that aerobic training in breast cancer patients do not have any negative effects
on their health.
5 Conclusion
The present study demonstrates that aerobic capacity in breast cancer patients is greatly
diminished just after the completion of therapy. Thus, effective aerobic training should
be included as a part of rehabilitation procedure. However, the optimal aerobic training
techniques (intensity, duration, frequency) to be performed by breast cancer patients just after
the completion of the therapy have not been established yet. As the result, further clinical
trials and the analysis of the obtained results are necessary for comparing different types of
training methods.
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